Introduction. The Revised Cardiac Risk Index (RCRI) is an extensively used simple risk stratification tool advocated by the European Society of Cardiology and European Society of Anesthesiology (ESC/ESA). Purpose. The aim of this study was to find the best model for predicting 3-month cardiovascular complications in elective major vascular surgical patients using preoperative clinical assessment, calculation of the RCRI and Vascular Physiological and Operative Severity Score for the enumeration of mortality and morbidity (V-POSSUM) scores, and the preoperative levels of N-terminal brain natriuretic peptide (NT pro-BNP), high-sensitivity troponin I (hs TnI), and high-sensitivity C-reactive protein (hs CRP). Materials and Methods. We included 122 participants in a prospective, single-center, observational study. The levels of NT pro-BNP, hs CRP, and hs TnI were measured 48 hours prior to surgery. During the perioperative period and 90 days after surgery the following adverse cardiac events were recorded: myocardial infarction, arrhythmias, pulmonary edema, acute decompensated heart failure, and cardiac arrest. Results. During the first 3 months after surgery 29 participants (23.8%) had 50 cardiac complications. There was a statistically significant difference in the RCRI score between participants with and without cardiac complications. ROC analysis showed that a combination of RCRI with hs TnI has good discriminatory power (AUC 0.909, p<0,001). By adding NT pro-BNP concentrations to the RCRI+hs TnI+V-POSSSUM combination we obtained the model with the best predictive power for 3-month cardiac complications (AUC 0.963, p<0,001). Conclusion. We need to improve preoperative risk assessment in participants scheduled for major vascular surgery by combining their clinical scores with biomarkers. Therefore, it is possible to identify patients at risk of cardiovascular complications who need adequate preoperative diagnosis and treatment.
Introduction
Patients who are admitted for major noncardiac surgery should have risk stratification carried out according to the new guidelines, in addition to a standard physical examination and laboratory analyses [1, 2] . The Revised Cardiac Risk Index (RCRI) is a simple to use risk stratification method proposed by the ESC/ESA for all surgical patients [2] [3] [4] .
The leading causes of death and morbidity in adults with major vascular surgical interventions are acute myocardial infarction, cardiac arrhythmias, and acute heart failure [5] [6] [7] [8] .
Surgical interventions on major arterial vessels are in the group of high-risk noncardiac surgical procedures for early mortality (above 5%) [9] . Meta-analyses showed that measuring brain natriuretic peptide (BNP) or N-terminal brain natriuretic peptide (NT pro-BNP) significantly increases the predictive power of RCRI, when they are used in combination with each other, for patients who are going to have vascular surgery [10] . Both normal and increased concentrations of these biomarkers carry information on postoperative risk [11] . Also, preoperative concentrations of high-sensitivity troponin I (hs TnI) carry prognostic information. Increased hs TnI preoperatively is associated with a higher risk of developing postoperative acute myocardial infarction (MI). Therefore, hs TnI also increases the predictive value of RCRI [12, 13] . High-sensitivity CRP (hs CRP) and NT pro-BNP measured preoperatively are good prognostic markers, in addition to the classically determined risk factors measured in patients planned for major vascular, noncardiac surgical interventions, according to Goei et al. [14] .
Using The Vascular Physiological and Operative Severity Score to enumerate the mortality and morbidity (V-POSSUM) score, we can assess the risk of early mortality with high accuracy in patients scheduled for an aneurysm operation in vascular surgery [15, 16] .
The aim of this research was to investigate whether using preoperatively determined biomarkers in different combinations with a patient's clinical scores can identify patients at high risk of cardiovascular complications during a 3-month period after elective vascular surgery.
Material and Methods
The Ethical Committee of the Medical Faculty at the University of Nis approved the research, which was conducted at the Clinic for cardiovascular and transplantation surgery, Clinical Center Nis, Serbia, during 2017. The primary inclusion criterion was a scheduled major open elective vascular surgery (abdominal aortic aneurysm surgery, infrainguinal arterial reconstruction, or carotid endarterectomy with general anesthesia) for patients older than 21 years. All participants (122) gave written informed consent for participation in this study before enrollment.
The exclusion criteria were unstable coronary artery disease and decompensated heart failure.
A routine clinical examination was carried out for all participants that included taking a detailed medical history, a physical examination, standard laboratory analyses, a 12-lead chest electrocardiogram, and a chest X-ray. With these data we used online software calculators to assess the risk scores. Using the site www.mdcalc.com/revised-cardiac-risk-indexpre-operative-risk we calculated the RCRI score for the development of cardiovascular complications. The V-POS-SUM score was calculated using the software calculator:http://www.riskprediction.org.uk/vasc-index.php. Anesthetic management, perioperative care, and intensive care unit referral were at the discretion of the attending physicians.
The primary endpoints during the 90 days of follow-up were adverse cardiac events: acute myocardial infarction, cardiac arrhythmias, pulmonary edema, acutely decompensated heart failure, and cardiac arrest. We obtained information of any adverse events from scheduled controls and physical examination of participants and in the case of death outcome from analysis of medical records and death certificates.
Blood samples were taken within 48 hours prior to surgery from the antecubital vein and stored in serum vacutainer tubes without additives. NT pro-BNP (pg/ml) and hs TnI (ng/ml) were measured in the whole blood specimens using chemiluminescence enzyme immunoassay technology (CLEIA) and Magtration 5 technology on a PATHFAST Immunoanalyser (Mitsubishi Chemical Europe GmbH, Düsseldorf, Germany). After centrifugation, the serum was separated and frozen at −80 ∘ C until analysis. Hs CRP (mg/L) and CK-MB (U/L) were detected in serum on a Beckman Coulter AU 680 analyzer (Beckman Coulter Inc., Brea, USA); the method is based on immunoturbidimetry.
Statistical Analysis.
As a type of descriptive statistics, the data were presented in the form of their arithmetic mean and standard deviation and in the form of absolute or relative numbers. The normality of the data was tested using the Kolmogorov-Smirnov test. When comparing two data groups, if the normal distribution was satisfied, a T-test was used; otherwise, Mann-Whitney's U test was performed. To compare the attributes, a Chi-square test, or Fisher's exact probability test, was used. ROC analysis was used to evaluate the model's discrimination. In constructing a ROC curve for multiple variables from logistic regression analysis, a single variable is formed based on the probability of several individual variables. A comparison of multiple ROC curves was carried out using the DeLong test. Statistical significance was determined for a p value of less than 0.05. Net reclassification improvement (NRI) and integrated discrimination improvement (IDI) were calculated for different combinations of markers. All analyses were performed using the R package pROC and PredictABEL [17] .
Results
During the first 3 months, 29 (23.8%) participants had 50 cardiovascular complications. During the follow-up period, 16 (55.2%) of these participants had one cardiovascular complication, eight participants (27.6%) had two complications, three participants had three complications (10.3%), one participant (3.4%) had four, and one participant had five complications (Table 1) . One participant died due to acute MI. There were no participants with pulmonary embolism.
The occurrence of cardiovascular complications during the first three months was equally distributed in terms of the age, gender, previous occurrence or existence of atrial fibrillation, previous stroke, previous cardiomyopathy, prior percutaneous coronary intervention (PCI), previous IM and CABG, arterial hypertension, hyperlipidemia, smoking, and positive family history for cardiovascular diseases (Table 1) .
Coronary artery disease was more frequent in participants with cardiovascular complications during the followup period than those without complications (37.9% vs. 16.1%, p=0.025).
Participants with cardiovascular complications had more frequent diabetes mellitus, particularly those requiring insulin therapy (51.7% vs. 24.7%, p=0.012, that is, 34.5% vs. 9.7%, p=0.003). coronary artery bypass graft; MI: myocardial infarction; DM: diabetes mellitus; ICU: intensive care unit; BMI: body mass index; hsCRP: high sensitivity Creactive protein; NT pro-BNP: N-terminal brain natriuretic peptide; CK-MB: creatine kinase MB isoform; hsTnI: high sensitivity troponin I.
The concentration of hsCRP was statistically lower in participants who had cardiovascular complications during the follow-up period, and the levels of NT pro-BNP were significantly higher in those participants. The concentrations of hs TnI and creatine kinase (CK-MB) were significantly higher in participants who did not develop complications ( Table 1) .
The majority of participants with cardiovascular complications had an RCRI score of 2 or 3 (58.6%), and in those without cardiac complications the most frequently RCRI score was 1 (55.9% of participants). There was a statistically significant difference in the RCRI score between participants with or without cardiac complications (p<0.001).
The type of surgical intervention was not significantly different between participants with or without cardiac complications during the follow-up. In both groups the most common surgery was open surgical reconstruction of the internal carotid artery (with cardiac vs. without cardiac complication: 41.4%, vs. 51.6%).
In Table 2 we inserted medications used by patients with and without cardiovascular complications.
Independent predictors of the development of CV complications in the first 3 months were diabetes mellitus (HR 2.490, p=0.014), V-POSSUM-physiology score (HR 1.179, p<0.001), V-POSSUM-morbidity (HR 1.032, p<0.001), V-POSSUM-mortality (HR 1.193, p=0.003), number of days spent in the ICU (HR 1.668, p<0.001), CK-MB (HR 1.006, p=0.001), NT pro-BNP (HR 5.482, p<0.001), and upper quartile of NT pro-BNP (HR 9.661, p<0.001) ( Table 3 ).
All combinations of biomarkers and clinical scores have good discriminatory/predictive value for the development of cardiovascular complications during the 3 months after surgery AUC>0.8. By comparing the different combinations of clinical scores and biomarkers, we found that RCRI in combination with hsTnI has excellent discriminatory ability for the development of CV complications (AUC 0.909, p<0.001). By adding the V-POSSUM to the RCRI+hsTnI combination we established an even better predictor of CV complications (AUC 0.955, p<0.01). And by adding the NT pro-BNP to RCRI+hs TnI+V-POSSSUM we achieved the best predictive score for CV complications in our participants (AUC 0.963, p<0.001) over a 3-month period. This model (RCRI+NT pro-BNP+V-POSSUM+hsTnI) had significantly better discriminative ability compared to all others combinations (Table 4 ). In addition, we calculated the net reclassification index (NRI) and the integrated discrimination index (IDI) to measure the quality of improvement of the correct reclassification with the addition of different parameters to the model.
As shown in Table 5 , both the NRI and the IDI were significantly improved by the addition of NT pro-BNP to the RCRI (NRI 1.222, p<0.001, IDI 0.229, and p=0.002), and further improvement was noted by adding hs TnI and V-POSSUM (NRI 0.778, p=0.003, IDI 0.289, and p=0.002).
Namely, the best predictive tool was the combination of NT pro-BNP, V-POSSUM, and hs TnI with RCRI (NRI 0.783, p=0.003, IDI 0.290, and p=0.001) (Figure 1 ).
Discussion
Patients who are admitted for major vascular surgery are at very high risk of postoperative complications due to numerous risk factors such as coronary artery disease, diabetes mellitus, and smoking which accompanies vascular diseases [18] . Accordingly, in our study cardiac complications were more frequent in participants with established coronary artery disease and in those with diabetes mellitus, particularly in those with insulin dependent DM.
The main risk factor for postoperative complications in vascular surgical patients is coronary artery disease. 
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In approximately 4% of major vascular procedures acute myocardial infarction is a complication [19] . In our study group 3.4% participants had AMI as a cardiac complication. Roughly 230 million patients worldwide are subjected to major surgical intervention during a single year, and the incidence of perioperative MI is around 1%. Early mortality after perioperative MI is found within a range of 3.5%-25%. Approximately 80% of perioperative MI is asymptomatic and 60% to 100% has no ST segment elevation (NSTEMI). Often it is very hard to establish a diagnosis and those patients have a poor prognosis [20] . It is very important to detect an adequate rise in troponins or CK-MB to determine the diagnosis. These enzymes are localized in the cytoplasm of cardiomyocytes and are released into circulation in response to irreversible cellular injury and subsequent necrosis. Troponins increase after major vascular surgery, but this is not always a sign of MI. Also, increased levels of hsTnI without myocardial infarction are associated with a poor prognosis. Routine monitoring of these biomarkers has been proposed, with the goal of stratifying the risk of cardiac complications [19] . After identifying high risk, adequate therapy should be immediately implemented to decrease possible postoperative morbidity and mortality [21] .
Guidelines recommend the use of clinical risk scores to predict postoperative cardiac events since they are associated with serious morbidity and mortality, as well as health care costs. There is no specific proposed score for patients undergoing arterial vascular surgery [22] . The Revised Cardiac Risk Index (RCRI) was created to predict major cardiac complications after noncardiac surgery [21] . This index takes into account the following: high-risk surgical procedures, history of ischemic heart disease, history of congestive heart failure, history of cerebrovascular disease, DM requiring insulin treatment, and preoperative serum creatinine of >2.0 mg/dL (177 휇mol/L). The rates of major cardiac complications with 0, 1, 2, or ≥3 of these factors were 0.4%, 0.9%, 7%, and 11%, respectively. Patients with 3 or more points are marked as high risk and those with 1 or 2 points are considered as being at intermediate risk. The ACC/AHA committee reconsidered the intermediate risk group with 5 risk factors from the original Lee score and ruled out of the type of surgery that is implemented in the other parts of the treatment scheme [20] . The Revised Cardiac Risk Index is in the guidelines published by the European Society of Cardiology, American College of Cardiology, and American Heart Association. It is a clinical tool for perioperative risk stratification in patients undergoing noncardiac surgery [23] . In our study this score was an independent predictor of cardiac complications during a 3-month period.
Gualandro et al. reported that the RCRI and VSG-RCI scores (Vascular Study Group of the New England Cardiac Risk Index) have low precision and low predictive power for the risk of major perioperative cardiac events in vascular surgical patients. Adding preoperative anemia to the RCRI score slightly increases the predictive power [21] . Highsensitivity TnI in combination with RCRI has been shown to be an excellent predictor of early and late mortality in vascular surgery (elective or urgent) patients. There are suggestions that biomarkers should be combined with more suitable stratification tools such as VSG-CRI to obtain maximum predictive power [24] . In practice it is often difficult to select an adequate score for different types of surgery and individual patients. Sometimes, we need to add biomarkers or diagnostic procedures to clinical scores. Evaluation of the functional and exercise capacity is highly recommended by the American Heart Society. In routine practice this is roughly estimated by assessing the daily activities performed by a patient. Generally, patients who can perform exercise at a level above 5 METs (metabolic equivalents) have a low risk of cardiac complications after major surgery [21] .
Increased concentrations of hs CRP and NT pro-BNP are markers of future cardiac events. They reflect different pathways of inducing myocardial ischemia postoperatively. Namely, hs-CRP is an inflammatory marker and marker of atherosclerosis. Interestingly, high levels of this biomarker are associated with a worse prognosis independent of any previous manifestations of coronary artery disease. NT pro-BNP is a neurohormone produced by cardiomyocytes as a response to volume and pressure overload. Goei et al. showed that increased concentrations at the baseline (before surgery) of hs-CRP and NT pro-BNP are associated with a 7-fold higher risk of complications in patients who underwent major noncardiac vascular surgery [14] . In our participants low hs CRP levels were associated with increased risk of cardiovascular complications. This could be due to a slow increase in this biomarker or the use of antibiotics [25] . Statins have many mechanisms through which they express beneficial effect perioperatively. Their antithrombotic effects unrelated to cholesterol reduction and anti-inflammatory effects through the downregulation of cytokines are very well known [26] . Our patients with CV complications had less frequent statins in therapy (Table 2) .
A high NT pro-BNP value has been shown to indicate a higher risk of cardiac events, even in low-clinical-risk patients who are undergoing vascular surgery. This biomarker had superior predictive power for cardiovascular and all-cause death compared to TnI, CRP, and cystatine C in a population based study in males [27] .
In several studies it was noted that heart failure is a powerful marker of perioperative and long-term cardiac prognosis after vascular surgery.
A study by Schouten et al. pointed out that NT pro-BNP has the ability to predict not only perioperative risk but also long-term cardiac risk in patients scheduled for vascular surgery [28] .
The difference between BNP and NT pro-BNP concentrations before and after surgery is important. The concentration dynamic indirectly reveals catecholamines peaks during and after surgery, as well as increased coagulability and the risk of prolonged myocardial ischemia. The measurement of NT pro-BNP may be preferred over BNP in patients with preserved renal function because of a longer half-life and a lower susceptibility to being influenced during surgery. Therefore, the postoperative measurement of NT pro-BNP adds additional prognostic information to that which was obtained at the baseline [29] .
Biccard et al. showed that the measurement of preoperative BNP concentrations adds additional prognostic power to the RCRI score. Actually, BNP levels reclassify the intermediate risk of RCRI into high and low. Patients at high risk need more diagnostic procedures or therapy, while low risk patients can undergo surgery [30] .
Biccard et al. also showed that, in major vascular surgery, besides BNP, troponins have prognostic importance and can be added to the widely accepted RCRI, even though they are inferior compared to preoperatively measured BNP in the net reclassification analysis. This could be the consequence of quick BNP secretion as a response to increased volume or pressure load, or myocardial ischemia. Troponins are secreted later, after myocardial injury or necrosis. A few studies show that troponins peak on the third day after periprocedural MI. There is a weak correlation between before-surgery troponins and postsurgery cardiac complications [31] . Namely, our patients with cardiac complications had significantly lower concentrations of hsTnI. However, in our participants, hs TnI, but not NT pro-BNP, increased the discriminative power of the RCRI score. This could be due to the fact that natriuretic peptides are unstable in rapid hemodynamic/fluid changes and have rapid dynamic clearance [29] . We can only hypothesize that since troponins levels are influenced by hemodynamic status, rhythmic stability, use of betablockers, statins, ACE inhibitors etc., and they should be used together with other variables in the preoperative risk assessment (but not in myocardial ischemia or necrosis settings). Ideal predictive biomarker does not exist. Namely, compared to highsensitivity troponin T, midregional proadrenomedulin was more effective as a predictor of perioperative cardiovascular complications [32] .
The Portsmouth Physiological and Operative Severity Score for the enumeration of the mortality and morbidity (P-POSSUM) score includes 18 markers (duration of surgery, total blood loss, etc.) with the aim of predicting mortality and morbidity when taking into consideration parameters both during the procedure itself and immediately after. It is complex but it shows good predictive power in heterogeneous groups of surgical patients [20] . The POSSUM score has both physiological and operative components. It predicts prognosis before surgery if we use only the physiological component.
Later, P-POSSUM was designed for general surgical patients since POSSUM had low predictive power. It overestimated the risk of mortality. However, both POSSUM and P-POSSUM showed good performance in vascular surgical patients. Their scores were modified later to improve risk stratification performance in vascular surgery, and V-POSSUM was constructed by Vascular Surgical Society for Great Britain and Ireland (VSSGBI). The physiology-only P-POSSUM model has the lowest accuracy of all mentioned scores [29] . In our study physiology V-POSSUM, morbidity v-POSSUM, and mortality-V-POSSUM were independent predictors for cardiac complications.
By adding the V-POSSUM score we increased the discriminatory power of RCRI+hs TnI, and by adding NT pro-BNP we achieved the best predictor for cardiac complications during hospitalization and for a 3-month period after hospital discharge for elective vascular surgical patients. Adding one clinical score and two biomarkers (determined preoperatively) to the RCRI we obtained a new score with the highest NRI and IDI indexes for a 90-day prognosis regarding MACE. It is widely acknowledged that the proposed clinical scores for major vascular surgery are far from perfect and that we need to use other tools such as biomarkers in clinical practice to achieve adequate risk stratification. Trends over the past 10 years are the addition of biomarkers to clinical scores. The RCRI score combined with hsTnI is only a powerful predictive tool for the development of major adverse cardiac events for a 3-month period (including a hospital stay). In our study we showed for the first time, to the best of our knowledge, that a combination of RCRI and V-POSSUM scores with preoperatively measured hs TnI and NT pro-BNP is the better predictive model, with excellent specificity and sensitivity for prediction of 3-month cardiac complications in major vascular surgery.
Limitations of the Study
This was a single-center study. Only participants who had undergone formal preoperative cardiovascular consultation were included. The presence of preoperative infection and the use of antibiotics, which might affect the level of CRP or the severity of perioperative systemic inflammation, were not used as exclusion or stratification criteria. Patients undergoing urgent surgery were not included among those with a ruptured aortic abdominal aneurysm. They represent a special vulnerable group and should be separately assessed for operative risk. Because of the small number of complications, the result of our research should be interpreted with reservation. Further research on a large number of subjects in multicentre settings and with a greater number of complications is necessary.
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